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Abstract 
Good quality crystals of pure and Cd doped zinc thiourea chloride (ZTC) were grown by low temperature solution growth 
method for second harmonic generation (SHG) applications. The effect of Zn replacement with Cd in ZTC crystals on optical 
properties has been studied by ultraviolet-visible spectroscopy. The improvement in the optical transparency and SHG efficiency 
of ZTC crystals with Cd dopants has been confirmed.  The doping with Cd cannot modify lower cutoff wavelength. The powder 
X-ray diffraction analysis of the grown crystals has also been presented. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICETEST – 2015. 
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1. Introduction 
The demand for nonlinear optical (NLO) crystals with superior properties is increasing due to quantum jump in 
the use of NLO devices with improved performance [1]. NLO crystals are central parts of real time holography, 
optical correlator devices, phase-conjugator, thresholding devices, optical communication optical modulations, 
optical data storage, electro-optical switches, nuclear fusion experiments and many more [2]. These materials need 
to have large optical nonlinearity, large laser induced damaged threshold, low angular sensitivity and good 
mechanical and thermal stabilities [3]. NLO materials are used in frequency conversion, which is a popular 
technique for extending the useful wavelength range of lasers with wide spectrum of frequency generated through 
second harmonic generation (SHG), third harmonic generation (THG) or higher harmonic generation, parametric 
oscillations, wave mixing, etc. processes [4-7]. 
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Zinc thiourea chloride (ZTC) is a good NLO material, which has combined property of high optical nonlinearity 
and chemical flexibility of organics along with physical ruggedness of inorganic [8] and can be grown in bulk form 
by low temperature solution growth method. ZTC belongs to orthorhombic system with space group Pnma. It has 
more SHG efficiency as compare to the potassium dihydrogen phosphate crystal. Many researchers have tried to 
improve the properties of ZTC crystal by adding different dopants and modifying growth conditions [9, 10] in light 
of SHG applications. 
In the present investigation, a systematic study has been carried out on the growth of cadmium (Cd) doped ZTC 
crystals. Powder X-ray diffraction (XRD) study has been carried out and the lattice parameters of the grown pure 
and doped crystals are evaluated. Ultraviolet-visible (UV-vis) spectroscopic study has been done to know variation 
in optical transparency with addition of Cd as a dopant. The SHG efficiency of the pure and doped ZTC crystals has 
also been studied by Perry and Kurtz method [11]. The results have been presented. 
2. Experimental 
2.1. Synthesis and growth of pure and doped ZTC crystals 
The ZTC was synthesized by reacting zinc chloride and thiourea in 1:2 molar ratios in double distilled water. The 
solution was stirred well for 3-4 hours by using a temperature controlled magnetic stirrer to yield the homogeneous 
solution. The solution was filtered with membrane filter paper and transferred to crystallization chamber placed in 
the constant temperature water bath maintained at 35oC. The transparent colorless ZTC crystals of moderate size 
were grown in 6-7 days. Same process was used to synthesize 1 and 2 mol% Cd doped ZTC (C1ZTC and C2ZTC 
respectively) by adding appropriate amount of cadmium chloride and grown corresponding crystals of moderate 
sizes and good quality within 6-7 days. The photographs of grown crystals are shown in Fig. 1.  
 
 
Fig. 1. Photographs of grown crystals. 
2.2. Characterizations 
The grown crystals were subjected to UV- vis transmission study in the spectral range 190-1083 nm by using 
UV-vis spectrophotometer (BLK-C-SR, Stellarnet, USA). XRD study was done with the help of X-Ray 
diffractometer (MiniFlex II, Rigaku, Japan) with CuKĮ radiations of wavelength Ȝ=1.5406 Å to obtained the crystal 
parameters. 
3. Results and discussion 
3.1.  UV-vis spectroscopy  
The UV-vis spectroscopy of the pure and Cd doped ZTC crystals have been performed to know the effect of 
partial Zn replacement with Cd on optical transmission and optical band gap of ZTC crystal.  The grown crystals 
were cut in rectangular shapes having thicknesses 2 mm and polished to use in further experiment. The transmission 
spectra have been recorded over a spectral range 200-1100 nm and shown in Fig. 2. From Fig. 2, it is evident that the 
transparency of the crystals increases with Cd doping. The 5% increase in transmission has been observed at 532nm 
ZTC C1ZTC C2ZTC
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for C1ZTC crystal and ~11% increase for C2ZTC crystal. Similarly, the increase in percent transmission at 1064 nm 
for C1ZTC and C2ZTC crystals found to be ~7 and 15% as compare to pure ZTC crystal. For the SHG applications, 
it is desirable to have good transparency at fundamental and second harmonic wavelengths to get efficient second 
harmonic conversion.  From Fig. 2, it also observed that although there are changes in optical transparency of the 
crystal with Cd doping but there is no any change in the cut-off wavelength. In the present investigations, the lower 
cut-off wavelength observed is around 290 nm. The optical band gaps of the crystals have also been estimated by 
plotting a graph between (ĮhȞ)2 and hȞ and extrapolating a tangent to the staring portion of curve to hȞ axis as shown 
in inset of Fig. 2 and as discussed elsewhere [12]. The band gap is found to be same for all three crystals and it is a4 
eV. 
 
Fig. 2. UV-vis transmission spectra of ZTC, C1ZTC and C2ZTC crystals. 
3.2. SHG measurement  
The SHG test was carried out to study the enhancement in the SHG efficiency of Cd doped ZTC crystals in 
comparison with pure ZTC by using Kurtz and Perry method [11]. The experimental setup used to measure the 
enhancement in SHG efficiency is shown in Fig. 3. A Q-switched Nd:YAG laser (Spiltlight compact-400, Innolas, 
Germany) emitting laser radiations of wavelength 1064 nm, pulse repetition rate 10 Hz, beam diameter 6 mm and 
energy 120 mW was used.  The intensities of 532 nm radiations generated after SHG by pure and doped samples 
were measured with the help of optical fiber based UV-vis spectrophotometer (BLK-C-SR, Stellarnet, USA). From 
Fig. 4, it can be seen that the intensities for doped ZTC crystals are more than that of pure ZTC crystal and increases 
with dopant concentration. This suggests that the SHG efficiency of doped crystals increases with dopant 
concentration.   
 
Fig. 3. Experimental setup for SHG test. 
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Fig. 4. SHG spectra for pure and doped ZTC crystals. 
3.3. Powder XRD study  
The powder XRD patterns of pure and doped ZTC crystals have been recorded and data was analyzed using 
software PowderX. The indexed XRD patterns are shown in Fig. 5 and crystallographic data is given in Table 1. It is 
observed that the pure and Cd doped ZTC crystals crystallizes with orthorhombic system and space group Pnma. 
From Table 1, one may observe that there is slight increase in cell dimensions, which may be because of 
accommodation of bigger size Cd atoms at the place of relatively smaller size Zn atoms. 
Table 1. Unit cell parameters of ZTC, C1ZTC and C2ZTC crystals. 
Cell parameters o      a (Å)     b (Å)    c (Å)    Į= ȕ= Ȗ (o) 
Crystalp 
ZTC 13.012 12.768 5.890     90
C1ZTC 13.111 12.829 5.941     90 
C2ZTC 13.090 12.822 5.944     90 
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Fig. 5. Powder XRD patterns of ZTC, C1ZTC and C2ZTC crystals. 
4. Conclusions 
Pure and Cd doped ZTC crystals of good quality and moderate size were grown from aqueous solution by 
allowing slow evaporation of solvent at a constant temperature. The improvement in the optical transparency of ZTC 
crystals with partial replacement of Zn with Cd has been confirmed from UV-vis spectroscopy.  The doping with Cd 
cannot modify lower cutoff wavelength of ZTC crystal. The SHG efficiency of the crystals found to be enhanced 
with addition of Cd in ZTC crystals. The powder XRD study confirms the crystal structure of grown crystals. Slight 
increase in unit cell dimensions has been evidenced that may be due to the incorporation of bigger size Cd atoms at 
the place of relatively smaller size Zn atoms. 
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